A major purpose ot the lechnr-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local gevernments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



St : - - = T 1
LA-UR _g9-25¢47 o s VIV N Wl - 0
. V)

Loe Alsmos Naiionsl Laboreiory is ©Dersind Dy Yhe University of Cailforma for the Uniisd Sisies Depsrimeni of Energy under conirac) W-7408-ENG.33

LA-UR--89-2567
DER9 015280

TITLE A STUDY ON THE CONTRIBUTION OF SLOW REACTION IN DETONATION

AUTHOR(S) Pler K. Tang, X-4
Wendell L. Seitz, M-9
Howard L. Stacy, M-9
Jerry Wackerle, M-9

SUBMITTED 1O APS Conference on Shock Compression of Condensed Matter
Albuquerque, NM
August 14-17, 1989

DISCLAIMER

This repurt wus prepared ux an uccount of wark sponsored by un ugency of the United States
Gavernmert  Neither the United Stries (GGovernment nor sny sgency thereof. nor uny uf their
eimployees, 1:iukes uny warranty, express ar implicd, or assunies any legal hability or responsi-
hilty for the a-curucy, completeness, ur usefalness of any inbnimstion, apparstus. product, or
provess dnclosed, nr represents that 1ts use would not infringe privately owned 1ights. Refor-
ence herem to uny ipecific comntercial product, provess, or service by trude neie, trademark,
manufaciorer, nr atherwise does it necessanly camtitute o nply its endarsenient, recom-
mendntinn, wr lavisrng hy the United States Giovernntent or any agency thereaf The views
aml opimons ol authors eapressed herein do not necessanly stute or reflect those ol the
Uinied States Governinent w any agency thereol.

By sccopiance of INs sriicie. the Publisher recegnises thei the U B Gevernmant ralsing s Aonesciveive. roysh) free lieonse e publish ! raproguvt
™o pubiighad form 8f tnir cONINBUlION, & 10 Bllcw §INers 10 @0 30, ler US Gevernment purposss

The Leos Aismes Nptigns! LADEreIory requetis 1N8) the pubhahe! isenily hIs arele 88 work parfermed under the sutpices 8! the U B Depaniman of tnerg,

Los A0S Lsaemos Nsionaitavoratory
PORM WO 908 A4 K
o' o ma ‘ N '


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


A STUDY ON THE CONTRIBUTION OF SLOW REACTION IN DETGNATION

P. K. TANG, W. L. SEITZ, H. L. STACY, and J. WACKERLE

Los Alamos National Laboratory, Los Alamos, New Mexico 87545

Interface velocimetry and plate push experiments of the TATB-based explosives investigated so far show the
presence of nonsteady detonation; namely, the initial velocity history increases with increasing explosive charge
length, 2 condition generally attributed to the variation of effective CJ pressure. A multistage reaction model is
used to simulate these experiments. For these expiosives, we find that the reaction must include a slow procesas
stage o0 that the numerical results can be brought into good agreement with experimental observation.

1. INTRODUCTION

It is known that in cylinder tests the initial motion of
the raetal tube is very sensitive to the Chapman-Jougue!,
(CJ) pressure used for calculation;' and also that the
equation of state (EOS) calibrated based on the cylin-
der test cannot be lppﬁed to another system in generai.
The problem can be demonstrated by the inability of
the same EOS to predict plate push experiments.? This
dilenma loads as to conclude falsely that there is no
universally acseptable EOS for a particular high explo-
sive (HE), end tL'1s forces designers to manipulate the
EOS to fit the emperical result instead of making pre-
dictions. The difficulty, we believe, is not entirely from
the EOS, but rather from the simplification we make of
the reaction process in detonation.

It has been obeerved thLat some explosives exhibit
norideal or nonsteady detonation bebavior, showing i.-
creasing CJ pressure with respect to increasing HE
charge length, contrary to the simple detonation theory
with unique CJ pressure.® This condition arises from the
presence of an extended reaction rone, the consequence
of slow reaction (or delayed euergy relesse) found in
some HE. The presence of a long time scale in reaction
provides the opportunity for moic intimate interaction
between reaction and hydrodynamica and therefore the

effect of detonation is more sensitive to the system con-

figuration. This sensitivity explains why we have to
fudge the EOS to reflect such a condition for different
applications when we use programmed burn, in which a
constant detonation velocity is uied to construct a burn
map in the HE region and the reaction rate is deter-
minsd by the sweeping spee.. i 1o datonation wave.
For sorar HE, the origin of th> slow reaction pro-exa in
believed to Le caused by molid carbon congnlation.* In
the presence of a slow piocess near the ei:d of reaction,
the apparent CJ pressure reflects the condition of the
partially reacted (although slmost completed) state of
the explosives rather than the final product. This paper
shows the significance of the slow reaction in coutribut-
ing to the overall detonation behavior as demonstrated

in two types of experiments and related simulations.

2. MODELING INTERFACE AND PLATE PUSHd EX.

PERIMENTS

A unifled reaction model for initiation and detona-
tion of heterogeneous high explosives has recently been
developed,' replacing an ed Aoc time-switching tech.
nique reported previously .* Using the model, we can
obtain the reaction rate for detonation as a limiting case
because both the hot-spot process time and the effec-
tive energy transfer time are much shorter than the alow

process time. The tolal reaction fraction A is therefore



A=(1-9¢)+yA, (1)

with

dr, RPN
A (R W (2)

where ), represents the reaction fraction of the slow pro-
cess, ¥ the mass fraction of the explosive going through
the slow process, and 7, the slow process time. Both ¢
and 7, are taken constant. In the absence of slow pro-
cess, Y is set to zero. For calculation, however, the com-
plete rate equations given in Ref. 5 are actually used;
and Eqs. (1) and (2) represent only the asymptotic char-
acteristics of the complete rate relations in detonation
condition.

Experiments were reported using Fabry-Perot inter-
ferometry to measure interface velocity between explo-
sive and transparent window.” The experimental system
consists of a plane-wave lens (P-40), 25 mm of Composi-
tion B, a layer of 10-mm aluminum, the test high explo-
sive, 0.013-mm aluminum laser reflector, and the tran-
parent window (see Fig. 3 of Ref. 5). The results show
increasing initial interface velocity history with increas
ing explosive charge length for PBX-9502 (95% TATB,
8% Kel-F), X-0407 (70% TATB, 28% PETN, 5% Kel-
F), and pure TATB, ind.ii:ating some sort of nonsteady
behavior. To illustrate the effect of the slow process in
detonation, calculations using ¢ = 0.15 and 7, = 75 ns
can reproduce the experimental results.®® Additional
e idence to support the presence of slow reaction using
lithium fluoride (LiF) window is given in Figs. 1 and
2 for 13- and 25-mm PBX-9502. Calculations without
the slow process sre also presented iu the above fig-
ures. The improvement of the simulations with slow
process over those without is quite striking. The sec-
ond set of experiments is plate push, using similar ex-

perimental setup as in the interfuce experiment, ex:
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FIGURE 1

Interface velocity between 13-mm PBX-9502 and LiF
window.

cept that the aluminum shim and the transparent win-
dow are replaced by a thin metal plate (see Fig. 3).
The metal surface velocity is measured and also cal-
culated using identical parameters for the interface ve-
locity simulation. Figures 4 and 8 show the results of
13- and 50-mm PBX-9502 pushing 0.5-mm aluminum

35
v,
< 34
=
E @54
£ e
& s
=
- ;] o ('.\{)('I'Hll('nt
% Wil slow process
= Loowathout slow proces
Z ond | -oniboulsion proces
o
Q: 0- 0-—-—-J
z

0n v y v

0. 4] 02h 0Nho [V |
TIME (us)
FIGURE 2

Interface velocity between 25-mm PBX-9502 and LiF
window.
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FIGURE 3
Plate pusk experiment

plates Agan mmulations with the mnclumon of siow
process match the experiments much better. particu-
larly 15 the earLer phase and for the thicker explosive
charge case Here we see a alight overestumate of the
surface velocity 1o later time The reason 1s probably
due to the product component 1o the HOM EOS used *
The advantage of the HOM EOS 18 that 1t can be ob-
tained independently. but it 18 usually more energetic
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FIGURE 4

Surface velocity 13-mm PBX-0502 pusturig 0 §-mm alu-
mun.uG plate
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FIGURE 5

Surface velncity. 50-mm PBX-9502 pustung 0 3-mm alu-
munum plate

than other types of EOS in the low pressure region. and
the thin aluminum plate cannot hold up the pressure
for long after a few reverberations The calculations of
13- and 50-mm PBX-9502 pushung 0 56- and 0 46-mm

tantalum plares respectively duplicate the expenments
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FIGURE 6

Surface velcoity 13-mm PBX-9502 pushung ¢ 5C mn.
tantalum plate
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Surface velocity, 50-mm PBX-9502 pushing 0.46-mm
tantalum plate,

much better even at late time, as shown in Figs. 6and 7.
dince tantalum has much higher density than aluminum
and can maintain the high level of pressure longer, the
behavior of the EOS is expected to be more accurate,
justifying the contention we 1ave made eaiiier on the

aluminum plate result.

3. CONCLUSIONS

Without resorting to ihe manipulati~n of the EOS,
we are able to simulate two types of experiments show-
ing nonidcal detonation behavior and we conclude that
the phenomenon is caused in detonation by the pres:
ence of a slow process near the end of the reaction. In
combining with the initiation stage, the unified reaction
model has been validated further in different configura:

tions, and should be a nseful tool for many applications.
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